
rr.ATMS 

What is claimed is: 

A memory subsystem compris/ing 

two memory devices connected in parallel to a bus, 
said bus including a plurality of bus lines for 
carrying substantially all/address, data and control in- 
formation needed by said Memory devices, 

said control information including device-select 

information, 

said bus containi/ng substantially fewer bus lines than 
the number of bits iA a single address, and 

said bus carry/ng device-select information without the 
need for separate /evice^lect lines connected directly to 
individual memory/ devici 




2. The memory /subsystem^ of claim 1 wherein said bus 
contains at least- 8 /bus lines adapted to carry at least 16 
address bits and ati least 8 data bits. 

3. The mem/ry subsystem of claim 1 wherein said bus also 
includes parallel lines for clock and power. 

4. A system comprising 

a meitory subsystem of claim 1 wherein each bus of said 
memory subsystem is connected to its own transceiver device, 
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a transceiver bus connecting said transceiver devices, 



and 



a means for transferring information between each of 
said buses of said memory subsyste/s and said transceiver 
bus, whereby memory subsystems m/y be integrated into a 
larger system having more memo^ than an individual memory 
subsystem. 

5. The system of claim 4/having a plurality of memory 
subsystems . 

6. The system of cla4m 4 further comprising a master 
device connected to said /transceiver bus. 

7 . The system of claim 6 wherein said master device is 
selected from the gro/p consis^ng of a central processing unit, 
a floating point uni/.and a/dirict rn^nory access unit. 

8. The systim of claim 4 further comprising a peripheral 
device connected L the transceiver bus, said peripheral device 
adapted for connection to other devices not on the bus . 

9 . The iystem of claim 8 wherein said peripheral device is 
selected fror/ the group consisting of an I/O interface port, a 
video contro/ller and a disk controller. 



High Performance Bus Interface -64- 



10 



15 



20 



10. The system of claim 5 wherein safid transceiver bus is 
in a different plane than the plane of th4 bus of each of said 
memory subsystems 

11. The system of claim 5 where/in the bus of each memory 
subsystem lies substantially in a subsystem bus plane and said 
transceiver bus lies substantiall/ in a plane orthogonal to said 
subsystem bus plane 

12. The system of claim/4 having at least two transceiver 
buses, each transceiver bus having a plurality of memory 
subsystem buses connected through a Ar^t transceiver to said 

transceiver bus, 

each of said transceiver buses baing^^urther connected to a 
second transceiver adapted to interface to a second-order 
transceiver bus, whereby each transceiver bus is connected 
through said second t/ransceiver to form a second-order 
transceiver bus uniy. 

13. A semiconductor subsystem bus for interconnecting 
semiconductor dev/ices comprising 

a plurality of semiconductor devices connected in 
parallel tjb a bus, at least one of said semiconductor 
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devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem, 

said bus including a plurality/ of bus lines for 
carrying substantially all addre&4, data and control 
information needed by said semiconductor devices, 

said control information ^/ncluding semiconductor 
device-select information, 

said bus containing substantially fewer bus lines than 
the number of bits in a s/ngle address, and 

said bus carrying d/vice-select information without the 
need for separate devicfe-select lines connected directly to 
individual semiconductor devices, and 

at least one mqtiif iablej register in each of the semi- 
conductor devices 6n sai/d £uV,_jx&d modifiable registers 
being accessible irom ia/d bus, whereby the subsystem can be 
configured using signals transmitted on said bus. 



14. The semiconductor subsystem bus of claim 13 wherein one 
type of modifiable register is an access-time register designed 
to store a time /delay after which a device may take some 
specified action on said bus. 



15. Thfe semiconductor subsystem bus of claim 13 further 
comprising L semiconductor device having at least two access-time 
registers /and 
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one of said access-time registers is per/anently programmed 
to contain a fixed value and at least one J. said access-time 
registers can be modified by information/carried on said bus . 

16 . The semiconductor subsystei/ bus of claim 13 further 
comprising a memory device having A least one discrete memory 
section and also having a modifiable address register adapted to 
store memory address information which corresponds to each said 
discrete memory section 

17. The semiconductor subsystem bus of claim 16 wherein 
said memory address information comprises a pointer to said dis- 
crete memory section 




18. The semiconductor s4bs^stem5us of claim 16 wherein 
said discrete memory section has a top and a bottom and said 
memory address i/formation comprises pointers to said top. and 
said bottom. 

19. Th</ semiconductor subsystem bus of claim 16 wherein 
said memory/address information comprises 

pointer to said discrete memory section and 
U range value indicating the size of said discrete 
memory section. 
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20 The semiconductor subsystem bus U claim 16 wherein 
said address registers of each of said d/screte memory sections 
of each of said memory devices connect/d to said bus are set to 
contain memory address information t/at is different for each 
di screte memory section and such t/at the highest memory address 
i„ each discrete memory section L one less than the lowest 
memory address in another disc/ete memory section, 

' whereby memory may be o/ganized into one or a small number 
of contiguous memory blocks 

21 The semiconduc/or subsy/em bus of claim 16 further, 
comprising a means for/testing Yac/[f said discrete memory sec- 
tions of each of sai/memory ^e/cesW^oper function, and 
for each /on-functional discrete memory section, a 
m eans for se/ing at least one address register which 
corresponds /to said discrete memory section to indicate that 
said discr/te memory section is non-functional, 

for/ach functional discrete memory section, a means 
for settling at least one address register which corresponds 
to sai/ discrete memory section to contain such 
corresponding address information. 

22. /The semiconductor subsystem bus of claim 21 wherein 
said addLs registers corresponding to said discrete memory 

I 

L 
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sections are set to provide one contiguous rn^ry block within 
the subsystem. 

23 The semiconductor subsystem/us of claim 13 wherein one 
o£ said modifiable registers is a d/vice identification register 
which can be modified to contain/ value unique to that 
semiconductor device. 

24. The semiconductor/subsystem bus of claim 23 wherein 
said device identification^ register is set to contain a unique 
value which is a functi/n of the physical position of that 
semiconductor device Zither alon/said bus or in relationship to 
other semiconductor/devices or/said/ bus. 




25 . A bus subsystem cj 

two s/miconductor^ievices connected in parallel to a 
bus, whe/ein one of said semiconductor devices is a master 
device 

(aid master device including a means for initiating bus 

transactions , 

said bus including a plurality of bus lines for 
/arrying substantially all address, data and control 
'information needed by said devices, 

said control information including device-select 

information, 
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said bus containing substantially fewe/ lines than the 
number of bits in a single address , and 

said bus carrying device-select information without the 
need for separate device-select lines' connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which /transfer information 
between said semiconductor devices on said bus. 

26. The bus subsystem of c/aim 25 wherein one of said 
10 semiconductor devices is a memory device ^pnnected to said bus, 

said memory device having at /least one/flisprete memory section 
and also having a modifiabl^ address/regiiter adapted to store 
memory address information 7 which corresponds to each/said 
discrete memory section, 

27. The bus subsystem of claim 26 wherein one of said 
semiconductor devices comprises a transceiver device connected in 
parallel to said bus and connected in parallel to a memory device 
on a bus other t^han said bus . 

20 

28. The/bus subsystem of claim 26 further including a means 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master device each having a device- 

25 interna^ means to prepare to begin said bus transaction during a 



15 
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device-internal phase and further having ah/s access means to 
effect said bus transaction during a bus ^ccess phase, said 

request packet including 

a sequence of bytes containi/g address and control 

information/ 

said control inf ormatior/including information about 
the requested bus transact/n and about the access time, 
' which corresponds to a n/ber of bus cycles, which needs to 
intervene before begin/ing said bus-access phase, and 
said address information pointing to at least one 
memory location within one of said-4iscrete memory sections 
of said memory device 

29. The bus ^bsystem of /claijrf Jb wherein said memory 
device includes /means to rid s/id Lntrol^formation and 
initiate said ivice-internaUeans atV^e so as to complete 
said device-i/ternal phase within said access time and begin said 
bus access /hase after said number of bus cycles. 



30 ./The bus subsystem of claim 28 wherein said control 
informa/tion comprises an op code. 

'31. The bus subsystem of claim 30 wherein said memory 
dev/ce includes sense amplifiers adapted to hold a bit of 
information or to precharge after a selected time and a means to 
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transfer a data block during a data block transfer either reading 
data from said memory device or writing data/ Lnto said memory 

device, and / 

wherein said op code instructs said/ memory device to 
activate a response means, said response means including a means 

to / 

initiate a data block transfer, 

select the size of said data block, 

select the time to i/itiate said data block transfer, 

access a control register, including reading from or 
writing to said control register, 

precharge said iense amplifiers after each of said data 
block transfers is/ complete „ 

hold a bit Jf information 7 in each of said sense 
amplifiers aftet each o/ said d^ta blocje^transf ers is 

complete, or/ 

select /normal or page-mode access. 

32. The/bus subsystem of claim 31 wherein said data block 
transfer comprises a read from or a write to memory within a 
single memory device. 

33/ The bus subsystem of claim 28 further comprising a 
means /or said master device to send control information to a 
speci/fic one of said semiconductor devices on said bus by 
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including in said request packet a device identification number 
unique to said semiconductor device, 

34. The bus subsystem of cl/im 28 further comprising a 
means for said master device to/ send control information to a 
selected one of said discreteAemory portions by including in 
said request packet a specific memory address. 

35. The bus subsys/em of claim 28 further comprising a 
nieans for said master dfevice t/send control information to 
substantially all sem/conduc/r/bevices on said bus by including 
in said request P ack4t a sp4i/ll device identification number 
which is recognize/ by sai/d /emicVducto^devices . 



36. The b/s subsystem of claim 28 wherein said control 
information specifies directly or indirectly the number of bus 
cycles for sa4d master device and said memory device to wait 
before begii/ning said bus access phase. 

37. /The bus subsystem of claim 36 wherein, for a data block 
transfer/ said master device and said memory device use the same 
access /ime and same data block size regardless of whether said 
data Mock transfer is a read or write operation. 
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38 The bus subsystem of claim 28 wherein said control 
information further includes a block-si/e value that encodes and 
specifies the size of the block of data to be transferred. 

39. The bus subsystem of clai/ 38 wherein said block-size 
value is encoded as a linear valu/ for relatively small block 
sizes, values and is encoded as a/logarithmic value for relatively 
larger block sizes. 

40 The bus subsystem^ cW38 wherein said block-sise 
vaiue is encoded using J bits/ and where the encoded value is 



Encoded Value 



gil.P fBvtes) 



30 



35 



41. T#e bus subsystem of claim 26 wherein said memory 
device is $l DRAM device containing 



plurality of sense amplifiers, 
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a means to hold said sense amplifier/ in an unmodified 
state after a read or write operation Reaving the device in 
page mode, 

a means to precharge said sen/e amplifiers and 
a means for selecting whether to precharge said sense 
amplifiers or to hold said sen4 amplifiers in an unmodified 
state . 

42. The bus subsystem .At claim 28 wherein said request 
packet comprises an even /umber of bytes, 

43. The bus subs/stem of clai/Jfe further including a means 
for generating and controlling a^lu^lity of bus cycles, during 
which said bus carries said ad/res/ data and control 
information, and /wherein alt/rna/ said bus cycles are designated 
odd cycles and /ven cycles /r-^Aivelv. ^ wherein said 
request packet/ begins only on an even cycle, 



44. T /e bus subsystem of claim 28 further including a means 
for generating ECC information corresponding to a block of data 
and a me/ns for using said ECC information to correct errors in 
storing/or reading said block of data, wherein said ECC 
information may be stored separately from said block of data. 
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45. The bus subsystem of claim 44 further comprising at 
least two of said memory devices wherein/said ECC information and 
said corresponding block of data are scored in a first and a 
second said memory device, respectively, and said master device 
includes a means to write or read s/id block of data with error 
correction by sending separate on/s of said request packets for 
said ECC information and for sJd corresponding block of data. 



46. A bus subsystem comprising 

a memory device a/d a master device connected in 

parallel on a bus, 

a means f/r said mas^Mevice to send a request 

packet and initiate a bus transaction and 



a means for sai 
current ana pendi 
said bus /includin 
carrying substantial! 



Lu: 



master device to keep track of 
n(/ bus /t/ransactions , 

s lines for 
1 adds^sg^-tlata . and control 
information/ needed by said memory devices, 

said /us containing substantially fewer lines than the 
number of/ bits in a single address, and 

saiA bus carrying device-select information without the 
need fdr separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which transfer information 
betwfeen devices on said bus and collisions on said bus are 
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avoided because said master device avoid* initiating bus 
transactions which would conflict with/current or pending 

bus transactions . 

47 . The bus subsystem of claim ^ having at least two of 
aid master devices and including 

a collision detecting me/ns whereby a first said master 
'' device sending a first said/request packet can detect a 
second said master device/sending one of said colliding 
request packets, where one of said said colliding request 
packet may be sent sim/ltaneouWth the initial sending of 
or overlapping the sidingA 4id first request packet, and 

an arbitratio/mea/s v Ji^ys*i*J^ «»» «" sec ° nd 
ster devices s/lect (ferity order in which each of said 
ster devices /ill be allowed to access said bus 



iua 
ma 

sequentially 



48. The bJ subsystem of claim 47 wherein each of said 
m aster devices/has a master ID number and each of said request 
packets indies a master ID position which is a predetermined 
number of Jt. in a predetermined position in said request 
packet, an/ wherein said collision detection means comprises 

/a means included in each master device for sending a 
request packet including said master ID number of said 
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master device in said master ID position of/said request 
packet and 

a means to detect a collision and /nvoke said 
arbitration means if any master devic/ detects any other 
master ID number in said master lD>>sition. 

•49. The bus subsystem of claim/? wherein each of said 

master devices includes 

a means for sending a request packet, 
a means for driving a/selected bus line or lines during 
at least one selected hJ cyclase said request packet is 

0 



elected bus line or lines 
sending a colliding 



being sent, 

a means for moni£orin 
to see if a said master 
request packet an 

a means f or Li ormiW^ll other master devices that a 
collision has o/curred and for invoking said arbitration 
means . 



50. The bu/ subsystem of claim 47 wherein each of said 

master devices /includes 

a me4ns, when sending a request packet, to drive a 
selected bus line or lines with a certain current during at 
least /one selected bus cycle, 
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a means for monitoring said selected^, bus line or lines 
for a greater than normal current to s^fe if another master 
device is driving that line or lines 

a means for detecting said greater than normal current, 

and 

a means for informing all /said master devices that a 
collision has occurred and tfr invoking said arbitration 
..means . 

51. The bus subsystem ft claim 47 wherein said arbitration 

means comprises 

a means for ini/iatyfg ari arbitration cycle, 
a means for a^oca/ing/aj single bus line to each master 
device during at /eas/ c^sLectedt>us cycle relative to 
the start of sai/d arbitration cycle, 

a means f/r allocating each master device to a single 
bus line during one of said selected bus cycles if there are 
more master /devices than available bus lines, 

a mea/s for each of said master devices which sent a 
colliding/request packet to drive said bus line allocated to 
said mas4er device during said selected bus cycle, and 
a /means in at least one of said master devices for 
stori/g information about which master devices sent a 
colli-ding request packet, 
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whereby said master devices can monitor selected bus 
lines during said arbitration cycle and/identify each said 
master device which sent a colliding r4quest packet. 

52. The bus subsystem of claim 47 /wherein said arbitration 

means comprises / 

a means included in a firs/ one of said master devices 
,.. which sent colliding request jackets for identifying each of 
said master devices which sent colliding request packets, 
a means for assigning/a priority to each said master 
device which sent a coll/dino/fequest packet, and 

a means for allowi/g each ysaid master device which sent 
a colliding request p/ck/t toWaccess the bus sequentially 
according to that prAorfi 

53. The bus subsystem of claim 52 wherein said priority is 
based on the physical location of each of said master devices. 

54. The bus /subsystem of claim 52 wherein said priority is 
based on said master ID number of said master devices. 

55. The /bus subsystem of claim 52 wherein each of said 
master devicfes includes a means, when sending a colliding request 
packet, for/ deciding which master device can send the next 
request packet in what order or at what time, whereby no master 
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device may send a new request packet until Responses to each 
pending request packet have been completed/ or scheduled. 



56 . A bus subsystem comprising 

a plurality of semiconductor devices connected in 

parallel to a bus, 

said bus including a plu/ality of bus lines for 
•carrying substantially all /ddress, data and control 
information needed by said/ semiconductor devices, 

said control inform/tion including device-select 
information, 



(ta 



rcially fewer lines than the 
address , 



said bus containing sub^ 
number of bits in a /Single 

said bus carrying s^id/^evi^sei^ct information with- 
out the need for i/eparalM device-select lines connected 
directly to individual semiconductor devices, 

said semiconductor devices including a reset means 
having an inpu4 and an output, the output of the reset means 
of one semiconductor device being connected to the input of 
the reset m/ans of the next semiconductor device in series. 



57. The bus subsystem of claim 56 further including system 

reset means comprising 

a foeans for generating a first and a second reset 

signal/, 
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a means for passing said first ieset signal to a first 
of said semiconductor devices and Aen to subsequent ones of 
said semiconductor devices in series and 

a means for passing a second reset signal to said first 
semiconductor device and the/ to said subsequent 
semiconductor devices in series, 
said, bus subsystem including /ne of said semiconductor devices 

containing 

a device identification register adapted to contain a 
number unique to said/ semiconductor device within said bus 
subsystem, 

a device iden/if icatioX Register setting means, and 




resetting said semiconductor 
reset state in response to 




a device res£t mean, 
device to some c/esirecK, ki/owri 

said first rese't signal/and fo>-&e1^ing said device 
identif icatio/ register in response to said second reset 
signal , 

whereby said bus subsystem can be reset to a known 
reset stati with a unique device identification value in 
said devi/e identification register of each of said 
semiconductor devices . 



25 



58. The bus subsystem of claim 57 wherein said desired, 
known reseyfc state is where all registers in the semiconductor 
device arve cleared and the state machines are reset. 
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59 . The bus subsystem of claim 5/1 wherein said device 
identification register setting meanfe comprises 

a means for detecting sa/d second reset signal, 
a means for reading a /evice identification number from 
said bus lines at a specj/fic time relative to said second 

: reset signal and 

a means for stor/ng said device identification number 
in said device identification register of said semiconductor 
device . 

60. The bus subsystem of claim 57 wherein said second reset 
signal comprises m/ltiple pu>sj sequences and wherein said device 
identification setting means includes 

a meaii for inter^reWng sa^d pulse sequences as a 
device idfentif icat(i$m number and 

a m/ans for storing said device identification number 
in sai</ device identification register of said semiconductor 
device . 

61./ The bus subsystem of claim 57 wherein said device reset 
means comprises an n-stage shift register capable of storing li- 
bit v/lues, wherein said device reset means interprets a specific 
valui in said shift register as said first reset signal and 
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id shift register as said second 



interprets a specific value in sa 
reset signal. 



62. The bus subsystem of clairf 57 wherein one of said 
semiconductor devices is a master /device, said master device 
including a means for generatincr/said first and said second reset 
signals . 



63. The bus subsystem /of claim 57 wherein one of said 
semiconductor devices is a/master device, said master device 

including 

a master ID register, 

a means for Assigning a/^ster ID number to said master 

device and 

a means for storinc 
master ID register, 




aster ID^ number in said 



64. The bu/ subsystem of claim 63 further comprising a 
second one of s4id master devices, and a means for a first one of 
said master deVices to assign a master ID number to substantially 
all other sa/d master devices, whereby said first master device 
assigns one/of said master ID numbers to each of said master 
devices on/said bus subsystem and each said master device stores 
said assigned master ID number in said master ID register. 
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65. The bus subsystem of claim 57 wherein one of said 
semiconductor devices includes a deviceiype register adapted to 
contain an identifier characteristic ol that type of 
semiconductor device, and one or mor/ modifiable registers, at 
least one of which is an access-tipfe register adapted for storing 
access times. 

.66. The bus subsystem of claim 65 wherein one of said 
semiconductor devices is a faster device having 

a means for selecting a semiconductor device, 
a means for re/ding said device-type register of said . 
selected semiconductor device, 

a means for /determining the device type of said 
selected semiconductor d< 

a means /or determ^iir/g a\^cess-time values appropriate 
for said selected semiconductor device and for storing said 
access-time/ values in said access-time registers of said 
selected semiconductor device, and 

a me4ns for selecting and storing other values 
appropr/ate for said selected semiconductor device in 
corresponding registers of said selected semiconductor 
device, 

/whereby said master device can select a semiconductor 
dev/ce, determine what type it is, and set said access-time 
and other registers to contain appropriate values. 
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67. The bus subsystem of claim 66 further comprising a 
memory device having at least one discrete Zemory section and at 
ieast one modifiable address register adapted to store memory 
address information which corresponds ji each of said discrete 

memory sections, and 

said master device further comprising a means for selecting 
and testing each of said discrete/memory sections and a means for 
storing address information in /aid address registers 
corresponding to each of said /discrete memory sections, whereby 
said master device can test All said discrete memory sections and 
assign unique^ address valu/s thereto. 



3 connected in parallel to a 
ir devices being a master 



68. A bus subsystem compi 

two semiconductor device 
bus, one of said^ semicon/luctc 
device , 

said bus/including a plurality of bus data lines for 
carrying su/stantially all address, data and control 
information needed by said semiconductor devices, 

said/ control information including device-select 
information, 

(id bus containing substantially fewer of said bus 
data /lines than the number of bits in a single address, and 
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8 aid bus carrying device-select formation without the 
need for separate device-select line^ connected directly to 
individual semiconductor devices, 

wherein all of said bus data/lines are terminated 
transmission lines and all of s/id address, data and control 
information is carried on sai/bus data lines as a 
. sequential series of bits Lr/ the form of low-voltage-swing 

..signals . 

69. The bus subsystem/of claim 68 further comprising a 
semiconductor device inclu/ing a current-mode driver connected to 
drive one of said bus data 1: 

70. The bus subsys^mi claim 69^ further comprising a 
semiconductor device/ha^n/ aW^ measure the voltage of 
said low-voltage-sing signals on a selected one of said bus data 
lines, whereby sa/d semiconductor device can determine whether 
zero, one, or mo/e than one of said current-mode drivers are 
driving said selected bus data line. 

71. Th/bus subsystem of claim 70 further comprising a 

semiconductor device having 

plurality of input receivers connected to one of said 

bus /data lines, and 
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a selection means for selecting said input receivers 
one by one to sense and store, one at a t^ne, the bits of 
said sequential series of bits 

72. The bus subsystem of claim 70 farther comprising a 
semiconductor device having two input r/ceivers connected to one 
of said bus data lines. 
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73. A bus subsystem comprising 

two semiconductor devices connected in parallel to a 
bus having a first and a /econd end^ said bus including a • 
bus clock line, said bu/ cloclyllne having first and second 
ends corresponding to //aid f^rstind second ends of said 

bus, respectively, 

a clock genera/or coi/nec/ed tc>-s^Ld^rst end of said 
bus clock line to /generate-early bus clock signals with a 
normal rise time/ and 

signal return means at said second end of said bus 
clock line to/return said early bus clock signals to said 
first end of/ said bus as corresponding late bus clock 
signals , 

wher/by each of said early bus clock signals will 
propagatfe from said clock generator along said clock line 
starting from said first end to said second end of said bus 
and th4n return at a later time to said first end of said 
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bus as a corresponding late Wclock signal, whereby each 
semiconductor device on said Ls can detect said early bus 
clock signals and said corresponding late bus clock signals 



10 
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end of said bus along said 
end oJ^said bus and then 



74. The bus subsystem eft claim 73 further comprising a 
first and a second said bus/ clock line having first and second 
ends" at said first and sa/d second ends of said bus, 
respectively, wherein safid signal return means directly connects 
said second ends of sa/d first and sa^d second bus clock lines 
whereby each of said iarly bus c^k signals will propagate from 
said clock generator at said 
first bus clock line to saic 

return on said second bus clock line to said first end of said 
bus as one of s/id corresponding late bus clock signals. 

75. The/bus subsystem of claim 73 wherein said signal 
return means/ comprises said first bus clock line without a line 
terminator/at said second end thereof whereby each of said early 
bus clock/signals reaching said second end of said first bus 
clock li/e will be reflected back along said first bus clock line 
as said/ corresponding late bus clock signals. 
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76. The bus subsystem of claim 73 further comprising 

a means for operating said bxfe in bus cycles timed to 
have a certain bus cycle frequency and a corresponding bus 

cycle period and 

a means for operating /aid clock generator with a 
period of twice the bus cycle period. 

,77. The bus subsystem/of claim 76 wherein said bus cycle 
frequency is greater than Approximately 50 MHz and less than or 
equal to approximately 5(fl0 MHz. 

78. The bus subsystem of claim 73 further including a 
semiconductor device/ having arf Internal device clock generating 
means to derive the/ midpoint dte between said early and 
corresponding lat/ bus c^ck/ignals to generate an internal 
device clock syT/chroniz^d/to sixd-'midpoint time 



79. The/bus subsystem of claim 73 further including a 
semiconductor device having a low-skew clock generator circuit 
comprising 

first delay line having an input, an output and a 
basi/c delay and means for synchronizing the output of said 
firfet delay line with said early bus clock signal, 

a second delay line having said basic delay plus a 
variable delay, said second delay line having an output and 
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a means for synchronizing the outfit of said second delay 
line with said late bus clock signal, and 

a third delay line having/ third delay and a means to 
set said third delay midway j4tween the delays of said first 
and second delay lines, sM third delay line having an 
output which provides an/internal device clock signal 
synchronized to a time/halfway between said early and said 
''late bus clock signal's. 

80. The bus subsystem of claim 73 wherein said early and 
S aid late bus~ clock s/gnals are low-voltage-swing signals that 
transition cyclical^ between loynd\igh logical values, and 
further including / semiconduct/ device having a low-skew clock 

generator circuit/ comprising 

a DC a/plif ier to Mrert s^d early and said late bus 
clock signals into f u^swing^logic signals, 

a fi/st variabl^delay line having a first variable 
delay ai an input and an output, the input of said first 
variable delay line being connected to said DC amplifier 
a/first, a second and a third additional delay line, 
each /aving an input and an output, the input of each of 
said/additional delay lines being connected to the output of 

sai</ first delay line, 

said first additional delay line having a fixed 

delay, 
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said second additional dela/ line having said 
fixed delay plus a second variable delay, and 

said third additional d/lay line having said fixed 
delay plus one half of saicT second variable delay, 
a first clocked input receiver connected to sample said 
early bus clock signal and gated by said output of said 
first additional delay 1: 

a means for adjusting said first variable delay so said 
first clocked input receiver samples said early bus clock 
signal just as said ea4ly bus clock signal transitions, 

a second clockeci input receiver connected to sample 
said late bus clock/ signal ^ gated by said output of said 
second additional /delay Zine/ 

a means f or /ad just/nq/sak secopdf variable delay so 
said second clocked input receiver samples said late bus 
clock signal jfast as said late bus clock signal transitions, 
whereby yfeaid output of said third additional delay line 
is synchronized to a time halfway between said outputs of 
said first/and said second additional delay lines, and said 
output of/said third additional delay line provides an 
internal/device clock signal. 



81. The bus subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates / "true" internal device clock 
signal and 

a second one of said low-skew clock generator 
circuits connected to/generate a "complement" internal 
device clock signal /ynchronized with but opposite in 
logical value to sa4d "true" internal device clock 

signal 

82. A DRAM device d/signed to be connected to an external 
bus having a plurality ok bus lines for carrying substantially . 
all address, data and control information needed by said DRAM 
device as a sequential series e& bits, said control information 
including device-selit info^tio^ald external bus containing 
substantially fewer Lid \Lf lines than the number of bits in a 
single address, and/said bus carrying device-select information 
without the need f/r separate device-select lines connected 
directly to said 4aM device, said DRAM device comprising 

an arrX of memory cells connected in rows and columns, 
each of sa/d memory cells adapted to store one of said bits, 
a row/address. selection means for selecting one of said 

rows , 

a cc/lumn sense amp connected to each of said columns, 
each of /said column sense amps adapted to latch one of said 
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bits as a binary logical value or to^recharge to a selected 
state, 

a column decoding means conn/cted to each of said 
column sense amps for selectinc/a plurality of said column 
sense amps for inputting one/f said bits to or outputting 
one of said bits from said inemory cells, 

an internal I/O bus Zving a plurality of internal I/O 
•lines wherein each of sAd internal I/O lines is connected 
to a plurality of saic/ column sense amps, and 

a plurality of i4s connection means designed to connect 
said internal I/O l4nes to^aid external bus, 

whereby a se/ected fit of said sequential series of 
bits can be tra^f err/ from said external bus to a selected 
one of said memory filA or said bit contained in a selected 
one of said jLor/ AL c^be transferred to said external 
bus • 

83. The /dRAM device of claim 82 further comprising 

an/output driver connected to one said bus connection 

means 

/an output multiplexer having an output connected to 
sa^L output driver and a plurality of inputs, each of said 
inputs being connected to one of said internal I/O lines, 
Ind 
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a control means to select wheth/r said output driver 

can drive said external bus, 

whereby a plurality of memory cells are selected using 
said row address selection wdL and said column decoding 
means and a plurality of bi^ contained in said plurality of 
memory cells are output through said column sense amps to 

said internal I/O bus t^said output multiplexer to said 

output driver to said External bus . 

84. The DRAM devic/ of claim 82 further comprising 

a plurality o4 input revivers connected to one of said. 

bus data lines and to sa^d internal I/O bus, 

a selecticZ means/4/ selecting said input receivers 

one by one tc/sen S e^n/4°5^ ne at * tlmG ' the ^ ° f 
said sequent/ial series of bits, and 

a control means to select whether an input receiver can 
drive said internal I/O bus, whereby a bit of said 
sequential series of bits is input from said external bus 
through/one of said input receivers to one of said internal 
I/O li/hes to one of said column sense amps to one of said 
memoiJy cells. 
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85. The DRAM device of claim 82 further/comprising 

a first and a second half-array a* said memory cells 
wherein each said row of said array j/f said memory cells is 
subdivided into two parts, 

a first and a second one of/Baid internal I/O buses 
connected to said column sense/amps in said first and said 
second half -arrays, respectively / and 

a column decoder means/to gate selected ones of said 
'column sense amps connected to said memory cells in a 
selected row of said f iyfet and said second half-arrays 
simultaneously. 

86. The DRAM device/ of c^imis wherein said column decoder 
means selects sixteen qolumi/ s^/ ampsXt a time. 

87. The DRAM device of claim 82 wherein said external bus 
operates at a certa/n speed and wherein said DRAM device includes 
four of said internal I/O buses, each of which operates at one- 
fourth the speed/of said external bus. 

88. The /6rAM device of claim 82 further comprising 

a nfeans for precharging one of said column sense amps 
to a p/echarged state from which a binary logical value can 
quick/y be loaded into said column sense amp, 
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if said column sense amp contains/a binary logical 
value, a means for latching the logical value currently 
contained in said column sense amj/and 

a means for instructing saii DRAM device to precharge 
said column sense amp or late/ said binary logical value in 
said column sense amp. 

89. The DRAM device of/claim 88 further comprising a means 
for instructing said DRAM ivice to precharge said column sense 
amp without further instruction whenever said row address 
selection means selects/a different one of said rows. 

90. The DRAM d/vice of otalm 88 further comprising a means 
for instructing sa/d DRAM ^ice toprecharge said column sense 
^p without furtir inst^U^ a first or a second 
preselected tli after^ching the latest said binary logical 
value, said f/st preselected time being long enough for said 
DRAM to late/ said binary logical value into said column sense 
amp and trisfer said binary logical value into memory or onto 
one of sa/d internal I/O lines, and said second preselected time 
being a /ariable which can be stored in said DRAM device whereby 
said DHfcM can latch a binary logical value into said column sense 
amp tl transferring said binary logical value into or out of a 
selected said memory cell, then precharge to allow a faster 
subsequent read or write. 
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having a side, circuitry and a 
areas positioned along or near said 
cted pitch and connected to said 

ing a plurality of bus connecting 
i plurality of external bus lines, 
3 lines corresponding to one of said 
E said bus connecting means being 
i first side of said package, 
ie said external bus line and to 
;ponding connecting area on said 
and 

'tch substantially identical to said 
aid connecting areas, 

^nai bus lines can be 
sponding connecting area on said 
s connection means positioned along a 
kage . 

92. Ilhe package of claim 91 further comprising a plurality 
of said b/us connecting means wherein each of said bus connecting 

means inpludes 

a pin adapted for connection to one of said external 

bu's lines and 

/ 
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a wire connecting said pin to one of said connecting 
areas on said semiconductor die, 

said wire having an effective lead /ength less than about 4 
millimeters and wherein the effective /ead length of said wire of 
each of said bus connection means to± said package is 
approximately equal. 

93. A plurality of packaq/s of claim 91 wherein at least 
two of said semiconductor die/are memory^devices , each of said 
packages being generally fl^t, havin/ a top and a bottom, and 
wherein 

said packages are pjfysicall/ secuce<$ adjacent and parallel 
to each other in a stac«w 

where a first one/.of said packages is adjacent to a second 
one of said packages/in said stack, said top of said first 
package is substantially aligned with said bottom of said second 
package, and 

said bus co/necting means of each of said packages are 
substantially aligned and are lying substantially in a plane. 

94. The' plurality of packages of claim 93 further 
comprising / plurality of stacks wherein each of said bus con- 
necting me/ns can be electrically connected to corresponding said 
bus connecting means in each of said stacks. 



25 
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95. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to /bus wherein said bus includes 
a plurality of bus lines for ca/rying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device/connected to said bus, and has 
substantially fewer bus Anes than the number of bits in a single 
address, and carries de/ice-select information for said 
semiconductor device v/ithout the need for a separate device- 
select line connected directly to said individual semiconductor . 
device, said semiconductor device comprising 

connectZn means/adapted to connect said semiconductor 

device to said bus/ and 



at least o 
accessible to 
whereby/ data may be 



idifiable identification register 
bus through said connection means, 
Nbrtinsmitted to said register via said 



bus and enable said device thereafter to be uniquely 
ident/if ied. 

96/ The semiconductor device of claim 95 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 

bus 

/ 
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97. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to k bus wherein said bus includes 
a plurality of bus lines for ca/rying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for com/unication with substantially every 
other, semiconductor device /connected to said bus, and has 
substantially fewer bus l/nes than the number of bits in a single 
address, and carries dev/ce-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said semiconductor device comprising 

connectio/ means ada^Q to connect said semiconductor 

device to sai/i bus, ai 

register to hold device address 
.fiable register accessible to 
said /ms throVigh said connection means, whereby data 
may /e transmitted to said register via said bus which 
enables said device thereafter to respond to a 
predetermined range of addresses. 



at leas;t one mo^i 
information, s'aid/mod 




98. /he semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
substant/ally only to said bus and sends and receives 
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substantially all address, data and cont/ol information over said 

bus • 

99. The semiconductor device J claim 98 wherein said 
memory device has at least one dis/rete memory section and also 
has at least one modifiable addr/ss register adapted to store 
memory address information whic/ corresponds to each said 
discrete memory section. 



100. Th3 semiconductor/device of claim 99 wherein said 
memory address' informatio/ comprises a pointer to said discrete 
memory section. 



101. The semiconductor 
discrete memory section h 
address inf ormation/comp^ 
bottom . 




ice of claim 100 wherein said 
.op and a bottom and said memory 
Jointers to said top and said 



102. The se/iconductor device of claim 100 wherein said 
memory address information comprises 

a pointer to said discrete memory section and 
a r/nge value indicating the size of said discrete 
memory section. 
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10 3. A semiconductor device capah/e of use in a semi- 
conductor bus architecture including/a plurality of semiconductor 
devices connected in paralle! to a/bus wherein said bus includes 
a plurality of bus lines for carding substantially all address, 
data and control information needed by said semiconductor device 
for communication with substantially every other semiconductor 
device connected to said bu/, and has substantially fewer bus 
linea. than the number of bits in a single address, said 
semiconductor device comprising 

connection me/ns adapted to connect said semiconductor 

device to - said bods, and 

at least o/e modif iab^access-time register accessible 
to said bus though saiZinection means, whereby data may 
be transmitt/d to saic^iW^ia said bus which 
establishes/a predetermined amount of time that said 
semiconductor device thereafter must wait before using said 
bus in re/sponse to a request. 

104. The semiconductor device of claim 103 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 

bus . 
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105. The semiconductor device of claim 103 further 
comprising at least two access-time registers and one of said 
access-time registers is permanentl/programmed to contain a 
fixed value and at least one of sa/d access-time registers can be 
modified by information carried </n said bus. 

106. A semiconductor device capable of use in a semi- 
conductor bus architecture deluding a plurality of semiconductor 
devices connected in paral/el t^Ss wherein said bus includes 
a plurality of bus lines /for casing substantially all address, 
data, control and deviXsel/ct/ information needed by said 
semiconductor device /or coLuni^tion with substantially every 
other semiconductor /evice connected to said bus, and has 
substantially f ewe/ bus lines than the number of bits in a single 
address, and carr/es device-select information for said 
semiconductor de/ice without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, and whZrein each said bus line is a terminated 
transmission Aine, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device^ to said bus, and 

bus line driver capable of producing a low-voltage- 
swin/g signal on one of said terminated transmission lines. 
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107. The semiconductor device of claim/106 wherein said 
semiconductor device is a memory device Wich connects 
substantially only to said bus and send/ and receives 
substantially all address, data and c/ntrol information over said 

bus . 



108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines tlx carrying substantially all address, 
data, control -and deviceielect information needed by said 
semiconductor device tol communion with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer /us lin/s JL the number of bits in a single 
address, and carrie/ deviceUelecWf ormation for said 
semiconductor device without the need for a separate device- 
select line conn/cted directly to said individual semiconductor 
device, said bu/ further including at least one bus clock line 
for carrying e/rly and late bus clock signals, said semiconductor 

device compri/sing 

co/nection means adapted to connect said semiconductor 

device'' to said bus, and 

in internal device clock generating means which 
generates an internal device clock synchronized to a time 
hallway between said early and said late bus clock signals. 

High Performance Bus Interface -105- 



109. The semiconductor device of claim 108 wherein said bus 
further includes a first and a second or/e of said bus clock 
lines, said first bus clock line carries said early bus clock 
signal and said second bus clock liJ carries said late bus clock 
signal, said semiconductor device /urther comprising a means to 
detect said early bus clock sign/l on said first bus clock line 
and a means to detect said lat/bus clock signal on said second 
bus clock line. 

110. The semiconductor device of claim 109 wherein said 
semiconductor- device is / memory device which connects 
substantially only to iid bus and sends and receives 
substantially all add/ess, data/nM control information over said 

bus . 




111. A semiconductor dWice h^le of use in a semi- 
conductor bus ar/hitecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying as a sequential series of 
bits substantially all address, data, control and device-select 
information/needed by said semiconductor device for communication 
with substantially every other semiconductor device connected to 
said bus, /and has substantially fewer bus lines than the number 
of bits in a single address, and carries device-select 
informa/ion for said semiconductor device without the need for a 
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separate device-select line connect d direct^ to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to con/ect said semiconductor 

device to said bus, / 

a plurality of input receives connected to one of said 

bus data lines and / 

a selection means for se/ecting said input receivers 
one by one to sense and sto/e, one at a time, the bits of 
said sequential series of/bits. 

112. The semiconductor /evice of claim 111 wherein said 
semiconductor device is a /emory device which connects 
substantially only to salA bus an^nds and receives 
substantially all addre/s, da/ and control information over sard 

bus. / 

113. The semiconductor device of claim 112 wherein two input 
receivers are connected to one of said bus lines . 

114. A sem/conductor device capable of use in an 
architecture L a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said bus sy/tem includes a plurality of bus lines for carrying 
substantia/ly all address, data, control and device-select 
information needed by said semiconductor device for communication 
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with substantially every other semiconductor device connected to 
said system bus, and has substantially f ewe/bus lines than the 
number of bits in a single address, and c/rries device-select 
information for said semiconductor devi/e without the need for a 
separate device-select. line connected/irectly to said individual 
semiconductor device, said semiconductor device comprising 

. connection means adaptec/ to connect said semiconductor 

.device to said system bus, 

an internal input Wput bus within said semiconductor 
device having more line/ than said system bus, and 

a means for multiplexing the lines of said internal bus. 
to the lines of sai</ system bus, whereby said system bus can 
run at a higher sp4d than/alo. internal bus. 



15 115. The semiconductor ^JL of claim 114 wherein said 

semiconductor devi/e is a memory Wee which connects 
substantially onVy to said system bus and sends and receives 
substantially a/l address, data and control information over said 
system bus . 

20 

116. A Semiconductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said sysZem bus includes a plurality of bus lines for carrying 
25 substantially all address, data, control and device-select 
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information needed by said semiconductor device for communication 
wi th substantially every other semiconduct/r device connected to 
said system bus, and has substantially f/wer bus lines than the 
number of bits in a single address, an/ carries device-select 
information for said semiconductor device without the need for a 
separate device-select line conne/ed directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said system IzJus, 

an internal inpu//output bus within said semiconductor 
device having more /ines than said system bus, 

a means for iltiplexin^the lines of said internal bus 
to the lines of /aid sysj^ bus, whereby said system bus can 
run at a highe/ speed i&an said internal bus, and 

at least/one modifiable identification register 
accessible ifo said s^tem bus <h rough said connection means, 
whereby da/a may be transmitted to said register via said 
system bvZ and which enables said device thereafter to be " 
uniquely identified. 

117. /he semiconductor device of claim 116 wherein said 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantially all address, data and control information over said 
system bus . 
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118. A semiconductor device .capable ft use in an 
architecture for a semiconductor system /us including a plurality 
o£ semiconductor devices connected in parallel to a bus wherein 
sal d system bus includes a plurality/f bus lines for carrying 
substantially all address, data, control and device-select 
information needed by said semiconductor device for co^unication 
w ith substantially every other/emiconductor device connected to 
said-system bus, and has subs/antially fewer bus lines than the 
nlOT ber of bits in a single /ddress , and carries device-select 
information for said semi/onductor device without the need for a 
separate device-select l/ne connected directly to said individual 
semiconductor device, /aid semiconductor device comprising 

connection /eans adapted^ connect said semiconductor 

device to said/system bus,/ 

an inter/al input/o/tput bus within said semiconductor 
device havii more lin/s/haV said system bus, 

a meai for multiplexing^ lines of said internal bus 
to the li/es of said system bus, whereby said system bus can 
run at a/higher speed than said internal bus, and 

at/least one modifiable register to hold device address 
information, said modifiable register accessible to said 
syste/ bus through said connection means, whereby data may 
be transmitted to said register via said system bus which 
eniles said device thereafter to respond to a predetermined 
rahge of addresses. 
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119 . The semiconductor device of clai/ U8 wherein said 
semiconductor device is a memory device/hich connects 
substantially only to said system bus /nd sends and receives 
substantially all address, data and/ontrol information over said 

system bus. 

•120. The semiconductor de/ice of claim 119 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiabl/ address register adapted to store 
memory address informati/ which corresponds to each said 
discrete memory sectioi 

121. A semiconductor device ^capable of use in an 
architecture for J^LcoU./J system bus including a plurality 
of semiconductor/evices Lfnect^n parallel to a bus wherein 
said system bus/includes a plurality of bus lines for carrying 
substantially L address, data and control information needed by 
said semiconductor device for communication with substantially 
every other/semiconductor device connected to said system bus, 
and has su/stantially fewer bus lines than the number of bits in 
a single /ddress, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said system bus, 

an internal input/output bus within said semiconductor 
ievice having more lines than said system bus, 
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a means for multiplexing the lines oi said internal bus 
to the lines of said system bus, where/y said system bus can 
run at a higher speed than said inte/nal bus, and 

at least one modifiable acces/-time register accessible 
to said system bus through said /onnection means, whereby 
data may be transmitted to sai/ register via said system bus 
. which establishes a predeter/ined amount of ttae that said 
, ...semiconductor device theater must wait before using said 
system bus in response id a request. 

122. The semiconductor^ device of claim 121 wherein said . 
semiconductor device is /memory device which connects 
substantially only to /aid system bus and sends and receives 
substantially all ad/ress/data and control information over sard 

system bus . 



123. The se/iconductor device of claim 121 further 
comprising at Veast two access-time registers and one of said 
access-time r/gisters is permanently programmed to contain a 
fixed value Li «t least one of said access-time registers can be 
modified by/inf ormation carried on said system bus. 



124 ./A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices/ connected in parallel to a bus wherein said bus includes 
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a plurality of bus lines for carrying substantially all address, 
data, control and device-select informati/n needed by said 
semiconductor device for communication^^ substantially every 
other semiconductor device connected/4 said bus, and has 
substantially fewer bus lines thar^he number of bits in a single 
address, and carries device-sele/t information for said 
semiconductor device without th4 need for a separate device- 
select line connected direc^y to said individual semiconductor 
device, wherein said addre/s, data, control and device-select 
information is carried ov4 said bus in the form of request 
packets and bus transac/ions, said semiconductor device 

comprising / 

connection/means adapted to connect said semiconductor 

device to said bus, 

a means/to revive said request packets over said bus, 
a mean/ to/e|ode information in said request packets, 

and / 

a m/ans to respond to said information in said request 
packets/. 

125. /he semiconductor device of claim 124 wherein said 
means to decode information in said request packet further 
comprises 

/ a means to identify and decode said control information 
i/n said request packet, 
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a means to identify and decode sai4 device-select 
information in said request packet, 

a means to identify and decode/ said address information 

in said request packet and 

a means to determine whether said control information 
or said address information ^structs said semiconductor 
device to begin a response^ 

126. The semiconductor /evice of claim 124 wherein each of 
said bus transactions is c/rried out in response to said address 
and said control information in one of said request packets, and. 
wherein said means to i/entify and decode information in said 
request packets includes a mean^ to identify a sequence of bytes 
on said bus as one off said request packets containing said 
address and said co/trol ^Jrmation, said control information 
including informat/on ab^^hejy^e of said bus transaction 
being requested and the access time which needs to intervene 
before beginning said bus transaction over said bus and said 
address and sa/d control information includes device-select 
information i/structing one or more said semiconductor devices to 
respond to s/id address and said control information. 

127. /he semiconductor device of claim 124 further 
comprising 
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a plurality of sense amplifiers adapted to precharge to 
a selected state or to latch a bit of/information, 

a means to hold said sense amplifiers in an unmodified 
state after latching one of said h/ts of information, 
a means to precharge said seLe amplifiers and 
a means for selecting whether said semiconductor device 
should precharge said sense amplifiers or should hold said 
..sense amplifiers in an unmodified state. 

128. The semiconductor device of claim 124 wherein said 
means to respond to said information, where said information is . 
control information, further comprises a means to 

transfer a dat£ blocl^during a data block transfer, 

further including/ a means to 

read d/ta IxA said semiconductor device and 
writf dat4/intosaid semiconductor device, and 
initiate/a data block transfer, 
transfe/ a data block of a selected size, 
transfer a data block at a selected time, 
acces4 a control register, including a means to read 
from or fxLte to said control register, or 
select normal or page-mode access. 

129. /he semiconductor device of claim 124 further 
comprising a means to respond to said information in said request 
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packet if said information includes a d/vice identification 
number unique to said semiconductor d/vice . 

130. The semiconductor devic/of claim 124 further 
comprising a means to respond J said information in said request 
packet if said information in/ludes a special device 
identification number which/calls for said semiconductor device 

to respond. 

131. The semiconductor device of claim 124 further 
comprising a means J respond to said information in said request 
packet if said inflation includes an address unique to said 
semiconductor device. 



132. The s^icon/uctor device of claim 124 further 
comprising a^n S t| interpret said control information and 
decode the t/me t/^it before beginning said bus transaction 
over said bus . 



133/ The semiconductor device of claim 124 further 
compris/ng a means to interpret said control information and 
decode/the size of a data block to transfer during one of said 
bus transactions . 
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134. The semiconductor device of claim 6* , 125 , 126, 127, 
128, 129, 130, 131, 132 or 133 wherein said semiconductor device 
i8 1 memory device which connects substantially only to said bus 
and sends and receives substantially a/l address, data and 
control information over said bus. / 

• 135. A semiconductor device /apable of use in a semi- 
conductor bus architecture inching a plurality of semiconductor 
devices connected in paralle/to a bus wherein said bus includes 
a plurality of bus lines tJL carrying substantially all address, 
data, control "and device-/elect information needed by said 
semiconductor device to/ communication with substantially every 
other semiconductor diice collected to said bus, and has 
substantially fewer L yLs than the number of bits in a single 
address, and carries de^Xsej/ect information for said 
semiconductor dev/ce wiUout the need for a separate device- 
select line connected directly to said individual semiconductor 
device, wherei/said address, data, control and device-select 
information Js carried over said bus in the form of request 
packets and Ls transactions, said semiconductor device 
comprising/ 

/connection means adapted to connect said semiconductor 

de\oice to said bus, 

/ a means to encode address and control information in 

s/iid request packets and 
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a means to send said request packers over said bus . 

136. The semiconductor device of c^aim 135 further 
comprising a means to request a bus t/ansaction wherein each of 
said bus transactions is carried ou/ in response to said address 
and said control information in o/e of said request packets, and 
W her,in said means to encode information in said request packets 
includes a means to mark a se/uence of bytes on said bus as one 
of said request packets, sa*d control information including 
information about the type/ of said bus transaction being 
requested and the access/time which needs to intervene before 
beginning said bus tra/saction over said bus and said address and 
said control informat/on includes device-select information 
instructing one or /ore/Sid semiconductor devices to respond to 
said address and s/id/cjntrol information. 

137. The sLJoJni^ device of claim 135 wherein one or 
more of said plurality of semiconductor devices has a unique 
device identification number, said semiconductor device further 
comprising / ™eans to send control information to a specific one 
of said plurality of semiconductor devices by including in said 
request packet a selected said device identification number. 

l/ 8 . The semiconductor device of claim 135 wherein each of 
said /lurality of semiconductor devices is adapted to respond to 
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. special device identification number, said ^conductor device 
f urther comprising a *eans to send control i/formation to each or 
sa id plurality of semiconductor devices b/including in said 
req uest packet said special device iden/f ication number. 

139 The semiconductor device ot claim 135 wherein one or 
„ore of said plurality of semiconductor devices is a memory 
device having a plurality of add/esses, said semiconductor device 
further comprising a means to /end control information to a 
specific address or range of/ddresses in one of said plurality 
o£ semiconductor devices b/including said specific address or 
range of addresses in sai/ request packet. 



140. The semicond; 



fctor de^ce.of claim 135 wherein at least 



«- nkHcPta i/s a/rfeque&trpacket requesting a bus 
one of said request jackets us y * 

transaction which d followeUy a corresponding one of said bus 
transactions, sai/ semiconductor device further comprising a 
me ans to encode/aid control information to specify directly or 
indirectly the/time between the end of said request packet 
requesting a/us transaction and said corresponding bus 
transaction /over said bus . 

141 ./he semiconductor device of claim 140 wherein one type 
of said L transactions is a transfer of a data block, said 
semiconductor device further comprising a means to encode said 
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control information to specify the size o/said data block to 

transfer. 

142. The semiconductor device A claim 140 further 
comprising a means to keep track/f current and pending bus 
transactions, whereby collision^ on said bus are avoided because 
said semiconductor device avoids initiating bus transactions 
which would conflict with current or pending bus transactions. 

143. The semicondu/or device of claim 135 wherein said 
semiconductor device I a f 1^*. master device and one of said 
plurality of semicoZcto/devices is a second master device, 

further comprising/ / / 

a colli/ion^e/e'cting^eans whereby said first master 

device whe/sen^hg aSlr^t one of said request packets can 
detect sa/d second master device sending a colliding one of 
said reiest packets, where said colliding request packet 
may be/sent simultaneous with the initial sending of or 
overl/pping the sending of said first request packet, and 

L arbitration means whereby said first and said second 
Lx devices select a priority order in which each of said 
master devices will be allowed to access said bus 
/equentially . 
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144. The semiconductor device of claiWl43 wherein said 
semiconductor device is a master device and at least one of said 
plurality of semiconductor devices is a faster device, each of 
said master devices has a master ID number and each of said 
request packets includes a master ID/Position which is a 
predetermined number of bits in a predetermined position in said 
request packet, and wherein said^ollision detection means 
comprises 

a means for said semiconductor device to send its 
master ID number in say! request packet and 

a means to detect a cession and invoke said 
arbitration means if /sai/semiconductor device detects any 
other master ID nuXi^n/said master ID position. 

145. The semicon/ucrt/ device of claim 144 wherein said 
system bus architecture includes a means for carrying information 
on said bus during /us cycles, said semiconductor device further 
comprising 

a mean/ for driving a selected bus line or lines during 
at least o/e selected bus cycle while sending each said 

request packet , 

a m/ans for monitoring said selected bus line or lines 
to see/f another said master device is sending one of said 
colliding request packets and 
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a means for informing all said master devices that a 
collision has occurred and for invoking/said arbitration 



means 



146. The semiconductor device of cl/im 145 further 

:omprising 

a means, when sending a revest packet, for driving a 
.selected bus line or lines wit/ a certain current during at 
least one selected bus cycle/ 

a means for monitoring/ said selected bus line or lines 
for a greater than norma l/cur rent to see if another said 
master device is drivin/ tha^ine or lines, 

a means for detec/in/ ^aid greater than normal current 

and 

a means for in/orfc^g Ul_j^id master devices that a 
collision has occ/red and for invoking said arbitration 
means . 

147. The semiconductor device of claim 143 wherein said 
arbitration means /comprises 

a mean/ for initiating an arbitration cycle, 
a mea/s for allocating a single bus line to each said 
master device during at least one selected bus cycle 
relativ/to the start of said arbitration cycle, 
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a m eans for allocating each said maiter device to a 
Blngle bus line during one of said seated bus cycles if 
there are .ore .aster devices than a/ailable bus lines, 

a .eans for each of said .ast/r devices which sent one 
of said colliding revest packet/ to drive said bus line 
allocated to said .aster devic/ during said selected bus 
• cycle , and 

a .eans in at least J> of said master devices for 
storing information abou/which .aster devices sent one of 
said colliding request Jackets , 

hereby said .as/er devices can monitor selected bus 

•a ^itrat^cycle and identify each said 
lines during said arbitration cy ox 

a,- / co /nns of said colliding request 
master device whic/i sen^one oi 

packets . 



.ce 



of claim 143 wherein said 



148. The semiconductor 
arbitration means /comprises 

a .ean/ for identifying each of said .aster devices 
which sen/one of said colliding request packets, 

a Mans for assigning a priority to each said .aster 
device /hich sent one of said coiliding request packets, an, 

/ *a Tn^G+-^r device which sen< 

a/means for allowing each said master devi 

/ 4- narVpts to access the bus 

one c£ said colliding request packets to 

sequentially according to that priority. 
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149 The semiconductor de^ce o£ claim 143 wher in said 
priority i. based on the ^ location of each of said master 

devices . 



150. The sefniconduct; 
priority is ^ased on satt 
devices 



2 vice of claim 143 wherein said 
lumber of said master 
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